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ABSTRACT 


An ecological survey of a sandy beach was made to determine re lation- 
ships between population densities and sand grain size distributions, 
season and Rotsne above the tidal datum plane (MLLW). Fifteen species 
of invertebrates in four phyla were collected. Four zones relative to 
tidal Paeuii and two major habitats - protected outer coast sandy beach 
and outer coast sandy beach - were defined. Nephtys caecoides, Nephtys 


californiensis and Archaeomysis maculata showed distinctive distributrem 


patterns relative to mean grain size which require further investigation. 
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I. INTRODUCTION 


A, NATURE OF THE STUDY 

Previous ecological studies of sandy beaches have been either large 
scale investigations of faunal assemblages and their habitats - for 
example, intertidal animals of the Pacific Coast of North America 
[Ricketts and Calvin, 1968] - or investigations into the factors 
affecting the distribution of one or a few species [cubit , 1969; Kenny, 
1969]. This study attempts to combine features of both approaches by 
studying a small area and getting quantitative information about the 
environment and the infauna. The approach was suggested by studies of 
the distribution of two species of the polychaetous annelid Nephtys in 
the British Isles [Clark and Haderlie, 1960] and of two different species 
of Nephtys along the California coast [Clark and Haderlie, 1962]. 

The object of this study was to determine the population densities 
of invertebrate species inhabiting a sandy beach and to relate these 
densities to such environmental factors as sand grain size distribution, 
season and position relative to tidal datum (MLLW). To accomplish this, 
transects were made perpendicular to the water line from lower low water 
to high water at thirteen stations on a sandy beach at the southern end 
of Monterey Bay, California, during the months of June, July, October, 
November and December 1969. Sand samples were taken at these sites in 
order to correlate grain size and population densities. The data col- 
lected included population densities of fifteen invertebrate species, 
their vertical locations relative to tidal datum, season and measure- 


ments of sand grain size. 


B. AREA STUDIED 

The area studied was a 2.75 mile section of beach (Figure lL) 
extending from just east of Monterey Municipal Wharf Number 2 (Station 
A) to the foot of Tioga Avenue in Sand City (Station K). Three areas 
a long the beach are discernible. The first (Stations A, B and E) has a 
broad flat profile with fine, muddy sand; the second (OtLaerons ©, Uy. s 
L, M and H in summer) has a flat to gently sloping profile with fine to 
medium, clean sands while the third (Stations I, J, G, K and H in winter) 
has a rather short steep profile with medium (and some coarse), clean 
sands. The first two areas corresponded to a protected outer coast 
sandy beach and the third to an outer coast sandy beach as defined by 
Ricketts and Calvin [1968]. The areas classified as protected outer 
coast sandy beaches lie in the lee of the Monterey Peninsula and are 
thus sheltered from all but the most severe winter storms. The remain- 
ing stations (I through K) are open to the prevailing sea and swell the 
year round although some protection is afforded by offshore kelp beds. 

The entire area is characterized by a cool, uniform climate and by 
small annual variations in sea surface temperature and salinity. Thus 
the primary factors affecting the fauna are wave shock, tidal exposure 
and ae of bottom [Ricketts and Calvin, 1968]. 

Tides in the bay are of the mixed type having a diurnal range of 5.3 
feet and a mean range of 3.5 feet. In summer lower low water, the ref- 
erence level for this study, occurs from midnight to midmorning, while 
in winter it occurs from mid-afternoon to late night. 

The degree of wave shock in summer is generally small. Heavy surf 
during this period is associated with distant North Pacific storms. In 


winter the amount of wave shock increases both as a result of distant 


storms and local weather. During this study, the weather was quite 
uniform over the entire collecting period. Collections were completed 


prior to the start of the winter rainy season and the period of the most 


intense storms. 


It. METHODS 


A. BIOLOGICAL 

At each station a transect line was established perpendicular to the 
shore and ran from lower low water to high water. Along each transect 
one to nine holes were dug, the average number being five or.six.. .,These 
holes were randomly spaced and each consisted of an excavation one half 
meter square and approximately 25 cm deep. This gave a sample volume 
of about 62.5 liters. The sand dug out was passed through a sieve made 
of standard aluminum window screen with a mesh size of about 1.0 mm. 

The animals so collected were counted and identified in the field if 
possible. In general only the annelids, especially Nephtys spp., had 

to be taken to the laboratory for positive identification. This techni- 
que is believed adequate to sample the fauna, as Johnson [1967] indicated 
that 80 percent of 20,000 individuals studied on a sand flat were found 
in the upper 15 centimeters. 

A total of thirteen stations were studied (Figure 1). Two (A, I) 
were visited only once during the summer while four (L, M, J and K) were 
visited only during the winter. The remaining seven were visited in 
both summer and winter. Summer stations were studied in June and July 
while winter stations were studied in October, November and the first 
week of December. The transect at each station was studied only at the 
time of lower low water in order to cover as wide an expanse of beach as 
possible. 

Station locations were chosen initially to cover the areas where the 


beach character, indicated by sediment parameters [Dorman, 1968], underwent 


some change. Station A was established essentially to test techniques. 
There was a considerable amount of debris on the beach from the dis- 
charge line of a dredge working within the harbor, so data from this 
station were not used in the study. Stations B, E, C, D, F and G were 
those originally chosen. Subsequent stations were established where 
there seemed to be marked variations in either the fauna or the appear- 
ance of the beach. The extent to which this procedure introduced bias 


into the results is not known. 


” 


B. SEDIMENTS 

Sand samples were taken at most excavations along each transect line 
for use in particle size analysis. At those stations where the transect 
comprised only one or two excavations, sand samples were taken at the 
water's edge, at the high water line and at some intermediate location. 
Samples were taken at the same depth as most of the animals, about 10 to 
15 cm. Samples from the surface and from 15 cm below the surface (Samples 
B6 and B7) were taken at the high water level at Station B. In this case 
Sample B6 appeared to be fine, well sorted sand, while B/7 appeared to be 
less well sorted and to contain numerous large shell fragments. Analysis 
showed no significant differences in the sediment parameters. 

Grain size analysis was performed by first baking the samples for a 
minimum of 24 hours at 135F, and then by agitating through a series of 
sieves with phi values of -1, 0, 0.5, 1, 2, 3, and 3.5 (phi = -log, d, 
where d is grain diameter in millimeters). The samples were disaggre- 
gated by hand and resieved as necessary. No mineralogical analyses were 
made. 

Statistical analyses of the sediments were made using computer pro- 


grams written by Dorman [1968]. Weights of each grain size fraction 


read to + 0.0001 grams on a Mettler precision balance were used as input 
data for the program, and the output appeared as cumulative weight dis- 
tribution (frequency) graphs drawn by a CalComp plotter. The required 
percentile weight values were read from a hand smoothed cumulative 
frequency graph and used to compute Inman parametaee [Inman, 1952] 

again using Dorman's program. All five Inman parameters were computed 
although only mean phi, phi deviation and first phi skewness were used 


directly in this study. 
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TIT. RESULTS 


A. GENERAL 

A total of fifteen species representing four phyla were collected 
(see Appendix B). One phylum (Nemertea) was represented by a single 
small ribbon worm, Carinoma mutabilis, taken at Station E in July. The 
phylum Mollusca was represented by Tivela stultorum, the Pismo clam, and 
the sand dwelling snail or olive shell, Olivella biplicata. Crustaceans 
(phylum Arthropoda) were by far the most numerous and included two 
anomuran crabs, Blepharipoda occidentalis and the familiar sand crab 
Emerita analoga; a mysid shrimp, Archaeomysis maculata; the isopod or 
pill-bug Cirolana harfordi; and two amphipods, Metopa sp. and the 
familiar beach hoppers Orchestoidea spp. The remaining species were 
all polychaetous annelids. These were two species of Nephtys; the 
bloodworm Euzonus mucronata; a single lugworm Arenicola cristata; six 
individuals of a single unidentified species of the family Spionidae; 
and five individuals of the family Orbinidae (either Scolopos sp. or 
Haploscolopos sp.). 

Two essentially terrestrial Arthropod groups, the beetles (Coleoptera) 
and flies (Diptera) have been reported in the literature but were not 
collected in this study. They occur at the high water level and are 
most common around seaweed tossed up by storms. 

1. Sedimentary Relations 

Population densities for most species were plotted against mean 
phi (Figures 2, 3 and 4). In all cases the population densities were 


e e 2 « 
taken as number of a given species per .25 m surface area. Animals were 


uae 


found in sands throughout the entire range of mean phi (0.34 to 2.38) 
Bion the majority were found in sands with mean phi greater than 
1.30. No interpolation of phi parameters between locations was done 
and population densities were plotted only where sediment data were 
available. 

Three species, Nephtys caecoides, N. californiensis and 
Archaeomysis maculata, which showed distinct patterns relative to mean 
phi were also plotted against median phi (Figure 5) to determine whether 
mean phi or median phi was the better measure, in biological terms, of 
the central tendency of the sand grain size distribution. Qualitatively 
it appeared that neither was superior, so in this case mean phi was 
arbitrarily chosen. 

Six species, Cirolana harfordi, Emerita analoga and Euzonus 
mucronata, representing population densities greater than 10 per 0.25 a 
and Nephtys caecoides, N. californiensis and Archaeomysis maculata, 
representing population densities less than 10 per 0.25 — were plotted 
against phi deviation (Figure 6). This parameter is a measure of sort- 
ing or the tendency for the majority of the grains to be the same size. 
Values of phi deviation from 0.0 to 0.5 indicate good sorting and from 
0.5 to 1.0 indicate fair sorting. In this case the range of phi deviation 
was small (0.40 to 0.78) and no significant patterns relative to popu- 
lations were found. This result was not surprising when compared with 
the lack of pattern shown in the plot of phi deviation against mean phi 
(Figure 7). 

Five species, Emerita analoga, Euzonus mucronata, Nephtys 
caecoides, N. californiensis and Archaeomysis maculata were plotted 


against first phi skewness (Figure 8), a measure of the tendency of the 
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central portion of the sediment size distribution toward either fine 
(values greater than zero) or coarse (values less than zero) grains. 
Nephtys californiensis and Euzonus mucronata were found only in sands 
with positive skewness; however, only six samples out of 42 showed 
negative skewness and these were evenly divided between coarse to 
medium sands ‘and fine sands so that no significance could be attached 
to the pattern. 

The data were also examined to see if some relation existed 
between a particular range of mean phi and zero population densities. 

No such relation was found which suggested that distribution of animals 
within a suitable habitat was random. 
2. Seaonsal Patterns 

Seasonal Patterns are depicted in Tables I and II. The absence 
of Euzonus mucronata during the summer was the most striking variation 
and is discussed further in a later paragraph. 

Both the Spionids and the Orbinids were found only in winter. 
Their normal habitat is among the holdfasts of the littoral kelp beds 
(Nereocystis luetkeana) common along the entire area studied. In winter 
great numbers of these plants are tossed on the beach along with the 
fauna characteristic of the beds so the presence of these two families 
could be explained as being the result of winter storms. 

The two most abundant species taken, Emerita analoga and Cirolana 
harfordi, showed no seasonal variations, nor did any of the other species 
except Nephtys caecoides, N. californiensis and Archaeomysis maculata 
show patterns which could be interpreted as so 

Nephtys caecoides was more abundant in summer than in winter 


while the reverse was true for Nephtys californiensis. This is difficult 


IR 


to explain since one might reasonably expect fewer animals of both 
species because of the increased surf activity in the winter. Archaeomysis 
maculata was also more abundant in winter than in summer but no reason 
for this difference could be found. 
3. Distributions Across the Beach 

Table III shows the positions of BP a ry: relative to the 
tidal datum plane. The data for both summer and winter were combined 
since no seasonal patterns in vertical positions were found. Four 
distinct zones based on either a small total population or on a dominant 
Species were noted. The problems of zonation on a sandy beach have not 
been discussed in the literature in great detail. The excellent review 
of zonation on rocky shores in Ricketts and Calvin [1968] was the work 
of Hedgpeth but he madé no comment whatever on sandy beaches. 

| Zone 1 (6.0 - 2.5 feet) extended from high water to just below 

mean tide level (2.8 feet) and corresponded to zones 1 and 2 of Ricketts 
and Calvin [1968]. This zone was dominated by Cirolana harfordi and 
Orchestoidea spp. A few Emerita analoga were found principally in the 
lower limits of the Zone. 

Zone 2 (2.5 - 0.5 feet) was dominated by Emerita analoga and 
Euzonus mucronata. Euzonus mucronata were actually found in a smaller 
band from 1.5 to 0.7 feet within the zone. A large number of Cirolana 
harfordi were taken in a narrow band from 0.7 to 0.5 feet. 

Zone 3 was distinguished by a lack of animals although a moderate 
number of Emerita analoga were taken in this zone. Zone 2 and zone 3 
together corresponded to zone 3 of Ricketts and Calvin [1968]. 

Zone 4 covered the area below tidal datum and included the widest 


variety of animals. Only Orchestoidea spp. and Orbinids were not found 
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in this zone which corresponded to zone 4 of Ricketts and Calvin [1968]. 


Zonal correspondence was based solely on height relative to tidal datum. 


B. DETAILED DISCUSSIONS OF SPECIFIC SPECIES 

More detailed discussions of the distribution of Nephtys, Archaeomysis 
and Euzonus are presented in this section. 

1. Nephtys caecoides and N. californiensis 

eee caecoides and N. californiensis were found to be separated 
spatially by the character of the substrate. N. caecoides was found 
at nearly all tide levels in both clean and muddy sands with mean phi 
greater than 1.75. N. californiensis was generally found in clean sands 
with mean phi from 1.31 to 1.82, although two individuals were taken at 
Station B in muddy sand with a mean phi of 2.32. The separation of the 
species was thus found to be less complete than that reported by Clark 
and Haderlie [1962]. Figure 9 shows graphically the small differences 
in substrates found to be characteristically inhabited by the two species. 
In this graph the plot for Station B was excluded from the sites popu- 
lated by N. californiensis. If it had been included the plots would have 
overlapped completely. 

Ricketts and Calvin [1968] reported N. californiensis to be com- 
mon in the beds of the bloodworm Euzonus mucronata. This would explain 
its location at Station B since this cation was found to be suitable 
in terms of grain size for Euzonus. However, only one Euzonus was 
taken at Station B in the summertime so the presence of two individuals 
of N. californiensis is regarded as anomalous. Moreover, examination of 
Tables II and III shows that the maximum population densities of Nephtys 


and Euzonus were not coincident. 
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N. caecoides was taken more often in summer (20 individuals) 
than in winter (6 individuals) while the situation was reversed for 
N. californiensis (6 individuals in summer, 15 individuals in winter). 
This may have been the result of sampling more coarse grained stations in 
the winter, although the two stations (D, F) with the largest numbers 
were visited in both seasons. 

No individuals of either species were taken at Station G in 
summertime or at Stations B, H, J, and G in winter. Station G was 
washed by heavy surf in both seasons, and Stations H and J were washed 
by ee surf in the winter and thus were unsuitable for either species. 
These agaeeue were populated almost exclusively by Emerita. Failure to 
find any animals at a suitable season was probably due to the random 


distribution of a small population and the fact that no special effort 


was made to find Nephtys at every station. 


2. Archaeomysis maculata 
This shrimp was found in medium to coarse sand at only two 

stations in each season. (I and Gin summer, L and M in winter). All 
but one were found in the wet sand near the water's edge. More were 
found in winter than in summer, but in each case the shrimp were taken 
at about the southern extent of maximum surf activity. This suggests 
the possibility that the animals migrate in order to stay in relatively 
coarse sand but outside the heaviest surf activity. 


3. Euzonus mucronata 


This species has been found in large numbers. all along the beach 
in the past [Haderlie, personal communication]. During the course of 
this study only one individual was taken (at Station B) in the summer- 


time. In winter large numbers (91 percent of the total) were taken in 
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a narrow band just above tidal datum (Table III) at three stations. 
Fishermen encountered on the beach during the course of the study con- 
firmed that a previously abundant species favored as bait was scarce 
during 1969. Those taken in winter were invariably in the top 5.0 cm 
of sand and presented the appearance of a dense red band about 2.5 cm 
thick when viewed in a vertical section. All were taken in medium to 


fine sand with mean phi greater than 1.8. 


Ly 


IV. DISCUSSION AND CONCLUSIONS 


The intertidal fauna of this area is limited in both variety and 
numbers. Eleven of the fifteen species (1453 individuals) have been 
characteristically found in this habitat in the past. Of the other four, 
Arenicola cristata has been more commonly found in mudflats or subtidally 
but occasionally higher up on the beach. This individual appears to have 
been one of the occasional variety. The remaining three (Carinoma 
mutabilis, Orbinids and Spionids) have not been reported from this 
Wane 

Emerita analoga was taken at all stations, except A, and at all 
distances from the water. It was common near the water and in a wide 
band just above tidal datum level. Cirolana harfordi was most common at 
high water but a large number were also ee below mean tide level. 
Cirolana was less numerous and less widely distributed than Emerita, but 
still showed no preference for a particular substrate texture. Orchesto- 
idea Spp. were found at the high water level almost exclusively but were 
not counted. Of the large populations - i.e., those with a population 
density sreater than ten at any given site - only Euzonus mucronata 
exhibited a preference for a particular sediment texture. It was found 
in sands ween mean phi greater than 1.8. Its abundance only in the winter 
collecting period could not be explained. These four species were repre- 
sented by a total of 1362 individuals including the 28 Orchestoidea spp. 
actually counted. Two habitats can then be delineated: a fine sand 
region with mean phi greater than 1.8 where Euzonus could be found and 
a coarser region with no Euzonus. The first included the stations between 


A and F or a little more than a third of the beach. 
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All of the remaining six species had small population densities. The 
amphipod Metopa sp. was found at all water levels and in all but the finest 
sand. Tivela stultorum, the Pismo clam, was taken in fine sand at the 
most sheltered end of the beach rather than in areas with heavy surf 
where it would have been expected [Ricketts and Calvin, 1968, p. 221]. 
Olivella biplicata was also found in small numbers (total seven) in sand 
with mean phi from 1.49 to 1.83. 

Nephtys AG Archaeomysis were found in distinct regions. N. caecoides 
was taken eae medium to fine, generally muddy sand, while N. californiensis 
was taken from clean medium sand which was coarser than that inhabited by 
N. pereaides| The separation of these species was not as complete as 
indicated by Clark and Haderlie [1962]. Archaeomysis was found in medium 
to coarse sand just south of the heaviest surf. 

Three overlapping regions along the beach were defined. One character- 
ized by Euzonus and N. caecoides had a gently sloping broad beach with 
generally light surf. A second had leaner coarser sand than the first 
and was characterized by N. californiensis. [Its northern limit seemed 
to coincide with the appearance of Archaeomysis. These two represented 
a protected outer coast sandy beach but differed from each other in 
amount of mud and degree of wave shock. The: third region, the northern 
em 1. t a the area studied, had heavy surf year round and a population 
made up almost exclusively of Emerita. The beaches in this region were 
steep and short, typical of the open outer coast sandy beach. The limits 
of the regions overlapped to some extent, particularly between the first 
two, and were found at different locations seasonally. In particular 


the boundary between regions two and three was marked by the position of 


Archaeomysis (I and G in summer, L and Min winter). It should be 


i 


remembered, however, that boundaries in the sense used here are often 


transition zones several hundred feet wide. 
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V. RECOMMENDATIONS 


Further study of this kind is recommended in order to discover the 
true seasonal patterns in the populations and to more fully understand 
the distribution of Nephtys. In order to accomplish these tasks two types 
of approach are suggested. 

Two or three permanent stations, one in each area outlined above, are 
recommended to determine seasonal patterns. These stations should be 
studied at least monthly (more often, if possible) over the course of a 
full year. Studies should be made at all tide stages. Periodic sampling 
should be done at intermediate stations to keep track of the overall 
character of the beach. Beside sediment size parameters, data on tempera- 
ture, interstitial salinity and porosity should be taken to determine if 
these factors are influential. Because of the magnitude of this effort, 
particularly the physical effort in making an adequate study, at least 
two people should be involved. The effort might be split into a bio- 
logical problem and a sedimentary problem. 

Evaluation of the distribution of Nephtys would require several 
stations over a short section of beach. The area from Stations A to D 
would be ideal in this regard. This study could be completed in six 
months. Transects should be made across the entire beach and continued 
into the oar at least to a depth that could be sampled without using a 
boat. Any areas where both Nephtys caecoides and N. californiensis were 
found should be studied in detail. 

A reliable means to accurately collect all the invertebrate inhabi- 


tants in a given volume of sand would give better data. The principle 


a 


difficulty is that a large volume must be sampled so as not to miss 
members of sparse populations, and there is no way of knowing how many 
animals escape by burrowing further into the sand. This could be done 

by sampling the entire volume at once, or by sampling several small 
volumes scattered randomly over an area four meters by one meter with 

the long dimension oriented parallel to the water line. These dimensions 
are arbitrary and a statistical analysis of the optimum sampling techni- 


que would be most useful. 
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APPENDIX A 


STATION DATA 


Numbers in parentheses after sediment sample number give height above 


datum 


A 


= MLLW. 


250 feet east of Monterey Municipal Wharf No. 5. Beach faces NNE, 
flat broad beach with fine muddy sand. 


Sediment sample: Al (-1.4) - 4 June 


300 feet east of Monterey Municipal Wharf No. 2. Beach faces NNE, 
flat broad beach with fine muddy sand. 


Sediment samples: B2 (-1.9), B3 (-1.7), B4 (-1.2), Bo (-0.6), 
_B6 (5.5) surface sample, B/7 (5.5) subsurface 
sample - 1 July 
Bl2 (-0.4), B13 (1.1), Bll (4.5) - 8 November 


Center of Monterey State Beach, 600 feet west of Park Avenue. 
Beach faces N, flat broad clean fine sand. 


Sediment sample: E12 (-1.1) - 3 July 


East end of Monterey State Beach, 100 feet west of Park Avenue. 
Beach faces N, flat broad clean fine sand. 


Sediment samples: C8 (-1.6), C9 (5.0) - 2 July 
C14 (-0.7), C15 (4.8) - 26 October 


Qn western U. S,. Navy property line. Beach faces NNW, gentle 
slope, clean medium sand. 


Sediment samples: D10 (-0.3), Dll (4.8) - 6 June 


Foot of Beach Way on Del Monte Beach. Beach faces NNW, gentle 
slope, clean medium sand. 


Sediment samples: F113 (-1.5), F14 (2.5), F15 (5.5) - 27 July 
F10 (-0.9), F3 (0.2), F2 (4.5) - 9 November 


500 feet northeast of Surf on Del Monte Beach. Beach faces NNW, 
gentle slope, clean medium sand. 


1300 feet southwest of Holiday Inn. Beach faces NW, moderate slope, 
clean medium sand. 


Sediment samples: M18 (-1.0), M15 (-0.3), M21 (4.5) - 7 December 


Zs 


700 feet southwest of Holiday Inn. Beach faces NW, moderate slope 


(summer) to steep slope (winter), clean medium sand. 
Sediment samples: H19 (-1.4), H20 (0.6) - 30 July 


100 feet northeast of Holiday Inn. Beach faces NW, steep slope, 
clean medium sand, some coarse sand. 


Sedimemte samplesisy [2190-05 9)ys 122.143) 1234(2.5) 9a =(5oeS ee 
ols Ly 


200 feet southwest of Seaside Sewage Plant outfall. Beach faces 
NW, steep slope. Clean medium sand. 


Sediment samples: J16 (-0.3), J17 (0.7), J18 (5.5) - 24 October 


50 feet southwest of Seaside Sewage Plant outfall. Beach faces 
NW, steep slope, clean medium to coarse sand. 


Sediment samples: G16 (-1.7), G17 (1.5), G18 (5.0) - 29 July 
G13 (-0.8), G14 (1.3), G3 (4.5) - 22 November 


150 feet southwest of Tioga Avenue, Sand City. Beach faces WNW, 
steep slope, clean medium sand. 


Sediment samples: K19 (-0.6), K20 (1.2), K21 (5.0) - 25 October 
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APPENDIX B 
SYSTEMATIC INDEX 


Phylum NEMERTEA 


Carinoma mutabilis Griffin 


a 


Phylum ANNELIDA 
Class Polychaeta 


Family Nephtyidae 
Nephtys caecoides Hartman 
Nephtys californiensis Hartman 


Family Ophelidae 
Euzonus mucronata (Treadwell) 


Family Arenicolidae 
Arenicola cristata Stimpson 


Family Orbinidae 


Haploscopopos sp. or Scolopos sp. 


Family Spionidae 
l unidentified species 


Phylum ARTHROPODA 
Class Crustacea 


Order Mysidacea 


Archaeomysis maculata (Holmes) 


Order Isopoda 
Cirolana harfordi (Lockington) 


Order Amphipoda 


Metopa sp. 
Orchestoidea spp. 


Order Decapoda 
Blepharipoda occidentalis Randal 
Emerita analoga (Stimpson) 


Phylum MOLLUSCA 
Class Gastropoda 
Order Neogastropoda _ 
Olivella biplicata (Sowerby) 
Class Pelecypoda 


Order Eulamellibranchia 
Tivela stultorum (Mawe) 
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TABLE III 


Population densities vs. height (in feet) above or below tidal datum 
plane (MLLW). 


Zone Two }| Zone Three | Zone Four 
SPECIES, GENUS, OR FAMILY a ee a ae 2.5--0.5 |0.5--0.0 0.0-- -1.9 


Carinoma mutabilis 


Nephtys caecoides 17 
Nepiere californiensis 4 16 
Euzonus mucronata o Z 
Arenicola cristata 1 
Orbinidae 2 
Spionidae 6 
Archaeomysis maculata 1 ll 
Cirolana harfordi 1 9 
Metopa sp. 18 
Orchestoidea spp. 

Blepharipoda occidentalis 3 
Emerita analoga 76 384 
Olivella biplicata 5 1 
Tivela stultorum Z 





28 


T eanstg 


SOTTW ¢° 





O2199Sq 14 
SNOLLVOOI NOLLVLS jetencow 2oe 


\ 
\ \ ATUTINOW 


seat, Aqazedoad cp 


Ady Teq eun8eq A 2 9 aq ¥ 
qd 


ACI SVaS ; 


“oO Ae 
SAXPT SAsqoy 7 ¢ “ON Fate YM 


ALIO ANVS 


AVG AFYALNOW 


Za 


Mp 


ae 


0.5 


© of) 


a 


$a 


x 


Miscellaneous populations 
vs. Mean phi (M4) 


5 6 u 8 2 10 


nage 
Legend 
o Arenicola cristata 
e Carinoma mutabilis 
a Metopa sp. 
x Olivella biplicata 
& Spionidae 
+ Archaeomysis maculata 
x Tivela stultorum 
@ Blepharipoda occidentalis 
Pigure: 2 


30 


Mé 


Large populations 
vs. Mean phi (M4) 


's) 
e 
° 
& « 
* 
2.0 
° * G 
* 
o 
® 
% 
é 
1.54 
® 
re) 
e 
) 
e 
1.0 
10 20 30 40 50 60 70 80 90 100 110 
fe) no./.25m 
@ 
Legend 
e Emerita analoga 
o Cirolana harfordi 
aa o Euzonus mucronata 


Figure 3 


31 


MA Nephtys spp. vs. Mean phi (MA) 


ve) Legend 


sd N. caecoides 
O N. californiensis 


° 
g 
e 
250 
e O 
e 
8 
pes O 
0 
LG 
1 2 5 4 5 6 7 8 9 10 
ey fe 
0. 


Figure 4 


30s 


50 Selected populations 
vs. Median phi (6.0) 
. 
@ 
230 
& 
O 
Ss 
xX O 
i.5 8 y; 
.@) 
x 
oo ee Ge oF 
wf), DRS 
Legend 
e Nephtys caecoides 
o N. californiensis 
x Archaeomysis maculata 
0.5 


Figure 5 


a3 


Selected populations 
vs. Phi deviation (54) 


* 


Legend 
Nephtys caecoides 
N. californiensis a 
Euzonus mucronata (x10 -) 
Archaeomysis maculata 
Emerita analoga (x107!) 
Cirolana harfordi (x10-L) 


10 ll 
2 
no./.25m 


Figure 6 








0.5 


Mean phi (M4) 
vs. Phi deviation (4) 


lie 8 


Legend 
x Summer data 
x © Winter data 


Figure / 


3D 


Selected populations 
Qe. 3 vs. Phi skewness (a4) 
° CO e& 10] 
Qo 9 
x © o 
OFZ oa > 
« 
J Ox m F O 
x 
Ow ® ¢ ; 
oO © 
1 2 3 4 5 6 7 8 9 10 11 
OF0 
: : nem 25m" 
i eo © 
-0.1 Legend 


e Nephtys caecoides 

ON. californiensis 

x Euzonus mucronata (x10) 
g Archaeomysis maculata 
© Emerita analoga (x10) 
-0.2 


Figure 8 


36 


Envelopes of cumulative phi frequency for Nephtys 


(unt N. caecoides 
100 esl N. californiensis 
85 





84 


50 


16 


aA EE ee ee ee 





Figure 9 


oy 


PHI 
KURTOSIS 


PHI 
DEVEATION SKEWNESS 


PHI 


MEAN PHI 


PHii=5 


PHI-34 PHI=5¢ PHib=16- 


PHT =-95 


SAMPLE 


DHL FANDOM OONDONMODROMNLONNT MOOD FONT OEM ON MO ODOR 
PITT OFDONND ONIN ONO FOIE FORO DONA S AN ON OOO mA! 
RF ALOL ORNS DDO LOST RNASE MED OOO FING $F RINANOMRMIAN 
PF OFFLE DODINODONOM FAM FOMINIAT MEINE ING SE ROMN COND wd 
sp eg aN dad A id edd LoL IL er er 
PCOOSSOONSOVSOOAAGCOHMODOOOCOOCCCOO CC OOO COOK O MAO 


SO ef SO OCC CCC CCC 6 6 OOS SD Cost eee ee eee 
COP OS OOOO OE PONDOOVOONSSONSCSCSCOGCOOCOCGOGC00 
1s tie 1 tts 1 't ' en 1 


PO FINO FOALS FO NTE MAM TAHODKR OR FORMONIOMIANOMNOON 

COMA OS AMANO CONE OM AID Det OH HOR DOSE FANNING COME FO OOS 

ANOANAP OOO FROST AFF LRON MOM MMS LO SIAN OHING O MIAKIAIROIA ge ot 

OSONNG SAAD OO NAAN OR ANN ett AN OO SA HAN HOO MAA Oo 

ee 8 OOOO HHSHHHEHHEHH EHH EHH HEHE DEC EO EEO SOEOCS 

WQODODIOGVOGOOCOBOOSOOGOSSOOSESSSCOSODOGC000E 
i] ] ie | ' 


ODO FO DARK LOIN FOAM A ONARSARNOMNMNE SE NNOORFOMONOON 
FAL OOF NAS DOMINO UN ER INO MIAN SM MINO®D CHOON ONO Mm uM 
O20 S PEAS IAM ONDE OOMOSFR MA FHANMOO ON FOSS HIN DOMOHOHMO 
OFAN SF PAF FOS DIN DODO CINO FASE ST FAL SOAR CERING SSS OING 
ee ahi 2 Ss AT I in I nd CO eo ee a 
DOOCSSOOOSOCOOSOSSS SSCS SD COSCO OCCCOGOCOCOCOOCOOOO 


DI ROOM OOPAR FORMNIMAUG MONO RDMMARAATMOURMY FOOD wm 
ODOT aA ROR ONOE OM OO ARE IN ORR OOS MINGEMOS S$ ORUEY 
MAO COBDOMIONDO OC NMS ONOWNS TINTR NONE OHO EMOOKOT MING 
OC MACOMMNN NA OMAN OM FO DDDOONTAMMODODOINME MF MAO 
WO ery we I Or SS 
AQEAUAN NUNN NNNN NAIOA tt d  d I O et) Cee et He 


OI DMO SF FOOD TOMNONANOR OME MaAtOO MMRONNIDODCON YE NY 
MAD DDH ODA OACAINNIN OMA SF FONG TLANIMONARRR ARIA EMON 
mt LV UN Pe OS POLY ON at COL PS LA SF OO CO Om OD OIA OM IO mM AE QU COM Ayo 
OND DDO NAN NAOANAM INT EOIN OINIA St FONEDORING Sh OM ot mm 
eee OOO OOH oo Hoo OH oOo OHO HEH OHHH OOOO OOOO CERO OD EOLOS 
NON AAAI OIOIONIOALN ON bet ad td td td IO O IO OO ded 


BNO AARAOM ANS ONONARMOOTO SMODRHHONADOONY FORONaOME@ 

FOL AGIAN OME OPEN ETNOONROMR ANE OSE DOO TR OOTE ENO 

OOO DM OT NEE DIN CANA CE OMMNNN AD AE AON S FAO FOMNO S 

AO AA SOY FOO AED OF POOSO DNO AD OPE OM Na UIA OO IAIN Oe 

© 0 6 © © ONNTo Ie © Otreme CEOS OO CEH CHOC ODOC COE OO ROO OO ee 

AAS AMG MAM MAO O AO QAAO AHO MMOMOOOCODNDOCOOCOCOOCOOD0O 
1 ! a | 1 


TF DHOOMA RANA AAU HONG OAD AAMNOMAMOAE MOOT MNS DMOEYO— 

UV OF OOD AUAIN OOM AO MAYD ONO O aa O FIM FODIAN FARMER IAINO® IA 

AY ON ONOD AOE E NAIA MS LN DINO MOAN DINDHO CHOOT NOOO HCUM 

MDW FPO DEERE St OSE AMON NOHOOGRINTNOOCOFT HDOORORO 

eee ee eoeoeee HOG ee Oo eee HOH HCOOH OOOOH OR OO Oo Eee 

ON NN Nd th Ot at od Od ht OD th od Ad Od OO DO ON HHO COHOONOR 
j 


OT RMOSF POOR FINN ON AWOE OME MAF ODDMRONNOOWNONYONY 
MD DCO AD AP OID IN ANOM OS FOUN SE TROON EUR AO TMOG 
TON UN Re OD COL TD emt COLES CUD SF LOD OO OMAR OMA MANO VOMME A OIM MNON ACO 
ONO DDMANANNGOGNAEINE ES DINOINIA SE SEMAN MORMALT EN NE MAEM 
“eee ooo eoeeoeeeet eo ee eH eCo eT eH OH HOR OOH OO RD ORR Oo CS 
NNNGAANNNNAININUA NS St tet ed te I IO AIR OOH tet edd 


DAMAL NOM ODF P TOOT OARS INAMONMON FNONSANMMDYERORAN 
MA NMR 0 ODE EE NNO T ANOS SOON OS HHO Oar ODOR FINO 
FOAM FO FOMNNN GEN ADOOMSENGDOOMOMADOAANANOS SOA SOM 
OM OUND OE EE DOE RINMAINASN TOSS DOR DINGKINAMOA ARR ORR AWE O 
oe ee oe oeoeereoeo eee e ee eee ee eFC eR Oo ORO OOOO OB OO Cee 
NNNNANNNN AN NNNNNNNINAININ AN tet a et ON a ed et tO et 


AOTAMDS S$ It TRON DNANUTARAT TOS FOONIMNONNDOOMaAgH OO 
OLN DDN OI OIE OID OD DOD OPM DINM AIAN MIARO DOOD AIMINIAR MIAN oO 
SO NMON OF SONS OR DDO FIN SOMMER ANDO FS FOR MM TANOMON LOO S 
RARDMORRKRARAOARA TD DODD DOMAAMOF AOADNDOKM NOMNARRAO 
oe ee oe eoeoeeereeeCeoFHoeoFeeeeeFOeeeeeeneneroeaeeeseeces 
NNNNNNNNNNNNN NIN AININ NINNIN NN NN ARRAN SIRO RACY 


NOAA TNOFATNO DON AD OMANM SOMO OP OMNIEMOOR 
ENN SN OH 8 DON hh hth mt a EON OO ed ea ed ed ed et AAI 


IVIODOODADOMNOWOSCGCVCOOULULLLE SFE TL Ce Qa wY 


38 


BIB LIOGRA PHY 


Clark, R. B. and E. C. Haderlie (1960), The distribution of Nephtys 
cirrosa and N. hombergi on the southwestern coasts of England and Wales. 
ieeonim. ECol.e29: ively”. 


Clark, R. B. and E. C. Haderlie (1962), The distribution of Nephtys 
californiensis and N. caecoides on the Californian coast. J. Anim. Ecol. 


eee «339-357. 


Cubit, John (1969), Behavior and physical factors causing migration and 
aggragation of the sand crab Emerita analoga (Stimpson). Ecology 50(1): 
ee—123. 


Dorman, C. E. (1968), The southern Monterey Bay littoral cell: a pre- 
liminary sediment budget study. Unpub. MS Thesis, Naval Postgraduate 
scnool. 


Inman, Douglas L. (1952), Measures for describing the size distribution 
of sediments... J. Sed. Petrol. 22(3): 125-145. 


Johnson, R. G. (1967), The vertical distribution of the infauna of a 
sandflat. Ecology 48(4): 571-578. 


Kenny, R. (1969), The effects of temperature, salinity and substrate on 
distribution of Clymenella torquata (Leidy) Polychaeta. Ecology 50(4): 
624-631. 


Ricketts, E. F. and J. Calvin (1968), Between Pacific Tides, 4th Ed., 
Stanford University Press, Stanford. 614 pp. illus, biblio. 


She, 


INITIAL DISTRIBUTION LIST 


No. 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Libragy, Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Oceanographer of the Navy 
The Madison Building 

732 N. Washington Street 
Alexandria, Virginia 22314 


Professor E. C. Haderlie, Code 58 
Department of Oceanography 

Naval Postgraduate School 
Monterey, California 93940 


LCDR Thomas J. Berger, USN 
8220 Crown Court Road 
Alexandria, Virginia 22308 


Assistant Professor Henry Crew, Code 58 
Department of Oceanography 

Naval Postgraduate School 

Monterey, California 93940 


Department of Oceanography 


Naval Postgraduate School 
Monterey, California 93940 


40 


Copies 


20 


Security Classification 











DOCUMENT CONTROL DATA-R&D 


(Security classilication of title, body o! abstract and indexing annotation must be entered when the overall report is classilled) 


2a. REPORT SECURITY CLASSIFICATION 
Unclassified 
ee aor’ | 


ORIGINATING ACTIVITY (Corporate author) 





Naval Postgraduate School 
Monterey, California 93940 


REPORT TITLE 









An Ecological Survey of a Sandy Beach 


OESCRIPTIVE NOTES (Type of report and,inclusive dates) 








ee | 
THORS! (First 





=e 





name, middlé initial, last name) 





Thomas Joseph Berger 


6. REPORT DATE = |7@ TOTAL NO. OF PAGES 176. NO.OF REFS  — : 
April 1970 42 8 


8a. CON TRACT OR GRANT NO. 9a. ORIGINATOR’S REPORT NUMBER(S) 


6b. PROJECT NO. 


9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 


10. DISTRIBUTION STATEMENT 


This document has been approved for public release and sale; 
its distribution is unlimited. 


- SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Naval Postgraduate School 
Monterey, California 93940 


- ABSTRACT 


An ecological survey of a sandy beach was made to determine relationships 
between population densities and sand grain size distributions, season and height 
above the tidal datum plane (MLLW). Fifteen species of invertebrates in four 
phyla were collected. Four zones relative to tidal datum and two major habitats - 


protected outer coast sandy beach and outer coast sandy beach - were defined. 


Nephtys caecoides, Nephtys californiensis and Archaeomysis maculata showed 


distinctive distribution patterns relative to mean grain size which require 


further investigation. 





DD 5°" 1473 (PAGE 1) 


S/N 0101 -807-6811 , l Security Classification A-31408 


Se S= ._._... —_—_—S——_———— 
~ Security Classification 


aig LINK A 
KEY WORDS _ SS eo polis 


Invertebrates 
Ecology 


Sandy beaches 


DD ,*o"*..1473 (sack) 


S/N : as ye 
O0101-807-682}3 4? Security Classification A-3140 























———— —_— 





Thesis ai, 
e.l An ecological sur- 
vey of a sandy beach, 


thesB429 
ecological survey of a sandy beach 





